Exploration and exploitation of oil and gas reserves of northern West Siberia has promoted 14 rapid industrialization and urban development in the region. This development leaves 15 significant footprints on the sensitive northern environment, which is already stressed by the 16 global warming. This study reports the region-wide changes in the vegetation cover as well as 17 the corresponding changes in and around 28 selected urbanized areas. The study utilizes the 18 Atmos. Chem. Phys. Discuss.,
significant footprints on the vegetation cover. These footprints were found not only at the 1 development sites but also across large distances (Walker et al., 2009; Kumpula et al., 2012) . 2
More specifically, Kumpula et al. (2011) reported extensive transformation from shrub-to more 3 productive (greener) grass-and sedge-dominated tundra in NWS that reclaim artificial terrain 4 disturbances at Bovanenkovskiy gas field, Yamal peninsula (70 o N). Similar environmental 5 shifts towards more productive plant successions on disturbed patches were found in studies of 6 post-mined sand and sandy loam quarries around Noyabrsk at 63 o N (Koronatova & Milyaeva, 7 2011 ). This transformation across open woodlands and forest-tundra was found to be more 8 ambigues. There has been found 26% (from 2316 to 1715 g m -2 ) decrease of the total 9 aboveground biomass due to enhanced bog formation on the background of widespread 10 greening of better drained sandy patches (Moskalenko, 2013) . Detailed study by Sorokina 11 (2013) revealed the increased soil temperature by 1K to 4K on the disturbed patches within 12 changes of the vegetation biological composition (succession). In this sense, it will be 23 insensitive to the NDVImax trends due to urban expansion, shifting vegetation disturbances and 24 re-vegetation. As the 〈 ( , , )〉 values strongly vary from city to city and across 25 different biomes, it is convenient to introduce a relative footprint of a city as 26 ( , , ) = 〈 ( , , )〉 〈 ( , )〉 ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ (2) 27 and the relative linear trends, ( , ), which are computed by the least-squares fit of ( , , ) 28 to the first-order polynomial for the ring in the city , 〈 ( , )〉 ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅ is time-averaged 29 〈 ( , , )〉. Because the study operates with rather short 15-year time series, the years 30 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -51, 2016 Manuscript under review for journal Atmos. Chem. Phys. with the maximum and the minimum NDVImax can strongly impact the trends. These two years 1 (2002 and 2014 for the majority of cities) can be considered as outliers as their NDVImax were 2 beyond three standard deviations of the respective time series. We demonstrate this for four 3 cities (Bovanenkovsky, Nadym, Noyabrsk and Surgut) in Fig. 3 . Therefore, the years with 4 minimum and maximum NDVImax were excluded from the trend fitting. We will also consider 5 the differences in the relative footprints, Δ ( , , ) = ( , , ) ̅̅̅̅̅̅̅̅̅̅̅ − ( , , ) ̅̅̅̅̅̅̅̅̅̅̅ , and relative 6 differences in the trends, ∆ ( , ) = ( , ) − ( , ), between the rings and for the city . 7
The urbanization footprint could be characterized through the divergent trends:
between the city core and the corresponding natural land cover; ∆ (0,5) -between the core 9 and the first ring around it; and ∆ (5,8) -between supposedly the most affected 5-km ring and 10 the background 40-km ring. 11
Results 12

Regional NDVImax patterns and trends 13
Our study expands, updates and details the results of the NDVImax analysis for 1981-1999 by 14 Zhou et al. (2001 Zhou et al. ( ), 1982 Zhou et al. ( -2003 by Bunn and Goetz (2006 ), 1982 -2008 by Beck and Goetz 15 (2011 ), 1982 -2011 by Barichivich et al. (2014 ) and 2000 -2009 by Elsakov and Teljatnikov 16 (2013 . Two novel aspects should be mentioned in this context: (1) Whereas the previous 17 studies analyzed coarse-resolution data, which is likely to exaggerate the extent and magnitude 18 of the NDVImax trends (Zhao et al., 2009; Elsakov and Teljatnikov, 2013) , we use the fine-19 resolution (250 m) data; and (2) Fine-resolution data give an opportunity to trace the changes 20 to specific biomes within the same bioclimatic zone and to reveal effects of urban disturbances. 21
The updated mean NDVImax and NDVImax trend maps (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) are shown in Fig.  22 1a and 1b, respectively. NDVImax in NWS generally decreases from the southwest to the 23 northeast of the territory. The largest NDVImax values (the most productive vegetation) are 24 found along the Ob river and between the Ob river and Ural mountains, whereas the central, 25 swamped part of NWS has much lower NDVImax. We observe that NDVImax is significantly 26 higher on river terraces with better-drained, sandy soils, which are warmer in summertime and 27 have deeper seasonal active layer. The new maps confirm continuing widespread greening in 28 tundra and forest-tundra biomes. However, this greening is highly fragmented and to the large 29 degree could be associated with sandy soils as well as with smaller greening patches associated 30 with permafrost destruction, landslides, thermokarst and other local disturbances. Fig. 1b shows  31 Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -51, 2016 Manuscript under review for journal Atmos. Chem. Phys. previously reported plot scale studies using LANDSAT images. Table 2 and Fig. 2 aggregate 4 the greening and browning trends in the NWS biomes. They show that the forest biomes exhibit 5 more widespread and larger magnitude browning. The maximum area fraction of browning 6 (21.3%) was found in middle taiga and the minimum area fraction (8.9%) -in tundra biomes. 7
Contrary, the area fraction of greening is the largest (81.7%) in forest-tundra and the smallest 8 (35.5%) in middle taiga biomes. 9
Comparison with Lloyd and Bunn (2007), Bhatt et al. (2013) and Elsakov and 10 Teljatnikov (2013) studies further reveals that the area of more productive vegetation cover 11 continue to grow as well as the production in shrub-and graminoid-dominated ecosystems. 12
Despite colder recent winters (Cohen et al., 2013) and somewhat damped summer warming 13 (Tang and Leng, 2012) , the greening now dominates the changes in all four biomes. We observe 14 the strongest greening near the southern tundra boundary. This pattern is consistent with 15 previously noted shrubification and treeline advance in this area (Devi et al., 2008; MacDonald 16 et al., 2008) . 17
NDVImax patterns and trends in and around 28 cities 18
Disturbances of the vegetation cover around 28 cities in NWS considerably modify the 19 observed complex pattern of the background NDVImax trends. In this analysis, we distinguish 20 the city core, = 0, with strongly disturbed vegetation cover and therefore low NDVImax and 21 the rings = 1 … 8 where the area of disturbances progressively decrease with the distance from 22 the city core. Fig. 3 shows the analysis of NDVImax changes for four typical cities located in 23 four different biomes. The observed convergence of the statistical properties of NDVImax in 24 the rings = 4 … 7 to those in the ring 8 supports the intuitive assumption that the area fraction 25 of urban disturbances is gradually reduced with the distance from the city. Indeed, the 26 correlation coefficients between time series of ( , 0, ) and ( , , ), = 1 … 8, are 27 decreasing (see the upper panels in Fig. 3 ). 28
Now, we consider differences between the background NDVImax trends and the trends 29 over the disturbed vegetation cover in and around the cities. as compared to the background. As it has been already suggested by Fig. 3 (for Nadym and, 1 particularly, for Noyabrsk), the closest 5-km ring ( = 1) often exhibits higher NDVImax than 2 the more distant background. This unusual feature could be traced down to the preferential 3 location of the cities on generally greener river terraces. So that the greener patches contribute 4 more heavily to the mean NDVImax of the inner rings. 5
Apart from lower NDVImax in the city cores, Fig pronounced, suggests that the vegetation cover in cities is more resistant to the stress in the 14 extreme warm and cold years. Moreover, the protecting effect of the city is stronger for the 15 northern cities responding with strong greening due to extremely warm summer temperatures. 16
It is interesting to observe that the effect of cities does not exhibit clear regular 17 dependence on the city population or specific location. The only visible effect in Fig. 4a could 18 be attributed to the age of the city -the younger northern cities continue to destroy vegetation 19 cover as they expand, whereas the vegetation cover in the established southern cities recovers. 20 The biome-averaged impact of the urban disturbances on NDVImax is given in Fig. 5 . 24
The analysis show that the city footprint is visible at large distances. Even at the 15 km distance 25 from the city core, NDVImax is systematically higher in the northern biomes and lower in the 26 middle taiga biome. Moreover, NDVImax is also systematically the highest in the closest 5-km 27 ring where the area of disturbances is the largest. Fig. 6 illustrates the vegetation changes 28 leading to higher biological productivity of the disturbed land patches in the northern biomes. 29
The newly established tree seedlings and shrubs, which are more productive relative to the 30 background in the northern biomes, are less productive relative the background of the mature 31 trees in the middle taiga biome. 32
Atmos. Chem. Phys. Discuss., doi:10.5194/acp-2016 Discuss., doi:10.5194/acp- -51, 2016 Manuscript under review for journal Atmos. Chem. Phys. (2012) to hypothesize that those disturbances help to establish alternative, more productive 10 ecosystems of gramminoids, shrubs and tree seedlings. In this discussion, we consider the major 11 climatological and physical factors that may support the alternative vegetation cover. 12
The cold continental climates of the NWS (the Köppen-Geiger climate types Dfc and 13 ET) with relatively high amount of annual precipitation determine a short vegetation period and 14 strong dependence of the maximum vegetation productivity on summer temperatures 15 (Barichivich et al., 2014) . This dependence is not of universal character across biomes. Therather loose (Frey and Smith, 2007; Kornienko and Yakubson, 2011) . Moreover, even synthetic 23
NDVImax time series (Guay, et al., 2014) are too short and too variable for statistically robust 24 conclusions over the major part of the area. 25
The response on the observed climate change is different in the forest biomes. 26
Summertime surface air temperatures increased only weakly in central and southern NWS 27 (Ippolitov et al., 2014) likely being damped by increasing cloud cover (Tang and Leng, 2012; 28 Esau et al., 2012) . The temperature trends in the winter months were negative (Cohen et al., 29 2013; Outten and Esau, 2011; Outten et al., 2013) . Thus, there were no consistent warming 30 trends over this territory but rather a few summer heat waves (e.g. in 2002, 2007, 2012) with 31 certain impact on the forest productivity. 32
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